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An Intravascular Stent and Percutaneous Insertion 
System 



This invention is in the field of 
percutaneous insertion catheters that are used for 
placing a coil spring stent into a vessel of a living 
body for the purposes of enhancing luminal dilation, 
preventing arteria] restenosis and preventing vessel 
blockage resulting from intimal dissection following 
balloon and other methods of angioplasty. The stent 
can also be used for the maintaining patency of nany 
different ducts or vessels within a living body. 

BACKGROUND OF THE INVENTION 

In the last decade there has been increasing 
use of percutaneous transluminal balloon angioplasty 
for the opening of stenosis of the peripheral and 
coronary arteries. In this procedure the uninflated 
balloon at the tip of the catheter is advanced into the 
narrowed portion of the arterial lumen. The balloon is 
then inflated so as to push the stenotic plaque outward 
thereby enlarging the luminal diameter and improving 
distal perfusion. The balloon is then deflated and the 
catheter is withdrawn from the body. Initially the 
blood flow at that point is typically improved to a 
significant degree. However, within six months, 
restenosis, defined as a loss of more than 50% of the 
initial enlargement of arterial diameter, occurs in 
approximately 30% of cases. It would therefore be of 
great value if a means could be devised to retain 
patency (i.e., opening) of the artery so that adequate 
blood flow would be maintained. 
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The concept of placing a coil spring 
intravascular stent within an artery is not new. In 
the September-October 1969 edition of I1JVESTICATIVE 
RADIOLOGY , C. T. Dotter reported the insertion of 6 
coil spring intravascular stents in the arteries of 
dogs. Three of these springs which were covered with 
silicone rubber occluded within 24 hours. Twc out of 
three, bare stainless steel wire springs remained 
patent at 2J years. Dotter also described a 
"pusher-catheter" of equal diameter with the spring 
outer diameter which was used to place the springs 
within the artery. 

In more recent work, D. Maas et al in the 
September 1984 edition of Radiology described improved 
stainless steel coil spring intravascular stents that 
were implanted in 65 dogs and 5 calves. a 100% success 
rate was reported using bare, heat treated steel alloy 
springs that were torqued to a reduced diameter and 
inserted with a special device designed for that 
purpose. Neither Dotter nor Maas et al were able to 
perform a percutaneous procedure for the stent 
insertion. Dotter describes a "pusher-catheter" that 
was- of equal diameter to the outside diameter of the 
coil spring. Maas et al used a 7mm diameter special 
insertion device thar applied torque tc the coil spring 
to reduce its diameter to 7mm; i.e., the deployed 
outside diameter was greater than 7mm. Since the 
largest practical outside diameter for percutaneous 
delivery is less than 4mm, the device and methods used 
by Maas et al are not practical for percutaneous 
insertion . 

The results of Dotter, i.e., 2 of 3 patent 
arteries at the end of 2i years using comparatively 
small (3.5mm) diameter coil are probably not good 
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enough for clinical applications. The results of Maas 
et al were very good, but there were for inside 
diameters greater than 7mm. 



What is really needed and not described by 
either Dotter or Maas et al or anyone else is a safe 
and simple method for percutaneous transluminal 
insertion of a coil spring stent whose insertion device 
str-— .ure allows an insertion catheter of outer 
diameter less than 4mm. Another requirement of the 
insertion device is that it maintains the reduced 
diameter of the coil spring stent during insertion and 
allows the coil to expand to a diameter greater than 
the diameter of the arterial lumen after removal of the 
insertion catheter. 

To make the intravascular stent (IS) safe for 
human use even in small diameter coronary arteries, it 
is necessary for the spring material to be 
biocompatible and non-thrombogenic . The greatest 
success by Dotter and Maas et al was with bare metal 
coil springs. However, no investigation to date has 
described use of these stents in either human subjects 
or in animal coronary arteries. Furthermore, Dotter 
quotes an article which states that "It appears that 
success or failure of an arterial substitute in docs 
bears no direct relationship to the results one will 
obtain when a similar substitute is used clinically for 
the peripheral arteries". Hence one must be concerned 
with the human biocompatability of the material used 
for the IS. 

Many articles such as "ULTI Carbon Goretex: 
A New Vascular Graft" by R. Debski et al in the 
Mav-June 1983 edition of Current Surcerv describe the 
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superior non-thrombogenic characteristics of ultra 
low-temperature isotropic (ULTI) carbon as such a blood 
compatible material. The use of carbon as a blood 
compatible material for humans is well known among 
those skilled in the art of vascular grafts and 
prosthetic heart valves. However, no investigator of 
IS devices has ever described the use of carbon coated 
coil springs or carbon coated polytetraf luoroethy lene 
(PTFE) covered coil springs to solve the problem of 
thrombosis of small diameter IS devices in humans. 

It should be noted that nothing in the prior 
art describes the use of a coil spring stent for the 
prevention of arterial blockage due to intimal 
dissection (tearing away of the intima layer) following 
balloon angioplasty. There is approximately a 30% 
incidence of radiologically detectable intimal 
dissection following routine percutaneous transluminal 
coronary angioplasty (PTCA) . In many of these cases 
this is not a problem. Vessel wall healing and 
remodeling typically restores a smooth luminal contour 
with good vessel patency within several weeks following 
the angioplasty. In a small but significant subset of 
these patients, the intimal dissection may be severe, 
resulting in a high risk of vessel closure within 24 
hours following PTCA. These patients will typically 
sustain some degree of myocardial infarction despite 
further aggressive attempts at revascularization, 
including coronary artery bypass surgery. 

SUMMARY OF THE INVENTION 

Thus it is an objective of the present 
invention to utilize a coil spring intravascular stent 
(IS) for the prevention of arterial restenosis. 
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A second objective of the invention is -to 
utilize an IS to further enlarge the luminal diameter 
after successful percutaneous transluminal angioplasty. 

Another objective is to provide a 
percutaneous transluminal catheter means for placing 
the IS at the appropriate place within the artery. 

Still another objective is to describe a 
method for percutaneous insertion of intravascular- 
stents . 

Still another objective is to provide a means 
and method for preventing arterial blockage due to 
intimal dissection following balloon or other types of 
angioplasty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A, IB, and 1C are cross-sectional 
views showing respectively the shape of the plaque 
within an arterial wall, (A) before balloon dilation, 
(B) immediately after balloon dilation, and (C) at 
several months after dilation. 

Fics. 2 is a cross-sectional view of an IS ir. 
the form of a coil spring placed in a position to 
prevent restenosis and/or provide additional dilation 
of the plaque. 

Fig. 3 is a cross-sectional view of the 
distal end of an insertion catheter for inserting the 
IS. 

Fig. 4 is a cross-sectional view of the 
proximal end of the insertion catheter . 
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Fig. 5 is a cross-sectional view of a wire 
coated with. ULTI carbon. 

Fig. 6 is a cross-sectional view of a wire 
enclosed by PTFE and coated with ULTI carbon. 

DETAILED DESCRIPTION OF THE INVENTION 

Figs. 1A, IB, and 1C are cross-sectional view 
of an arterial wall AW surrounding a plaque P which 
forms an arterial stenosis or narrowing. It is well 
known in the art to utilize percutaneous transluminal 
balloon angioplasty to .dilate the stenosis' of Fig. 1A 
by expanding a balloon that is placed within the 
narrowed lumen. The result immediately after balloon 
dilation is shown in Fig. IB. However, in 
approximately 30% of all balloon procedures, there is a 
restenosis of the artery as illustrated in Fig. 1C. 

If, however, a coil spring intravascular 
stent (IS) 10 is placed at the dilation site 
immediately after balloon dilation in a position as 
shown in Fig. 2, the resistance of the IS 10 to 
deformation by inwardly directed racial pressure can 
preclude restenosis of the artery. Furthermore, if the 
constrained diameter of that IS 10 as shown in Fig. 2 
is less than the free diameter of the coil spring IS 
10, then additional dilation may occur following the 
insertion of the IS 10. Furthermore, if the intima 
layer was torn(i.e dissected) curing balloon dilation, 
the IS 10 can hold that intima layer in place and 
prevent subsequent blockage of the artery which can 
result from the effect of blood flow causing the torn 
intima to come off the wall of the dilated stenosis. 
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Fig. 3 shows the distal end of the insertion 
catheter 20 which consists of an inner core 22 and an 
outer cylinder 24. The core 22 has a rounded and 
tapered front end 23 and spiral grooves 26 into which 
the coil spring IS 10 is placed. The core 22 has a 
back groove 28 which contains the most proximal coil of 
the coil spring IS 10 which is prevented from springing 
radially outward by the flange 30. 

Fig. 4 is a cross-sectional view of the 
proximal end of the insertion catheter 20. A 
cylindrically shaped cylinder handle 32 is molded onto 
the outer cylinder 24. A cylindrically shaped cylinder 
handle 32 is molded onto the outer cylinder 24. 
Similarly, a cylindrically shaped core handle 36 is 
molded onto the core 22. A conically shaped interior 
surface 34 of the cylinder handle 32 is used to help 
guide the cylinder handle 32 over the IS 10 as it is 
mounted on the distal end of the insertion catheter 20. 
The distance D in Fig. A is initially set to be 
slightly greater than the length of the IS 10 at the 
distal end of the insertion catheter 20. 

The spring IS 10 is loaded onto the distal 
end of the core in the following manner: 

1. A pair of pliers is used to hold the most 
distal portion of the IS 10 into the most distal spiral 
groove 26 cf the inner core 22. 

2. The spring IS 10 is then pulled and 
twisted applying torque to its most proximal end so 
that the spring IS 3 0 is forced into the spiral grooves 
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3. A pliers wide enough to hold all turns of 
the IS 20 in place except the most proximal turn and 
the most distan turn is then applied at the center of 
the IS 10 to hold it in the spiral grooves 26. 

4. A needle nose pliers is then used to 
force the most proximal turn of the IS 10 into the core 
groove 28. 

5. The conical interior surface 34 of the 
cylindrical handle 32 is then fed over the most distal 
turn of the IS 10 as it sits in the most distal groove 
26 of the core 22. 

6. As the handle 32 is moved in the proximal 
direction, the broad pliers holding the central portion 
of the IS 10 in place is simultaneously moved in the 
proximal direction until the entire IS 10 is covered by 
the interior surface of the handle 3? and the outer 
cylinder 24. 

7. The handle 32 is then pulled in a 
proximal direction until the distal end of the cylinder 
24 lies just over the last turn of the IS 10 which 
occurs when the cylinder handle 32 and the cere handle 
36 are separated by a distance D as shown in Tie 4. 

In this manner, a coil spring IS 10 whose 
unrestrained (i.e., free) diameter can be between 1.1 
to 5.0 times larger than its diameter when stored on 
the core 22 can be placed at the distal end of the 
insertion catheter 20. 

Deployment of the spring IS 10 within a 
recently dilated occlusion is accomplished in the 
following steps: 
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1. By conventional means, a guiding catheter 
(not shown) is placed percutaneously into the femoral 
artery and its distal end is advanced to the site where 



the 



IS 10 is to be released, 



2. Under fluorscopic control, the insertion 
catheter 20 is advanced through the guiding catheter 
until the center of the IS 10 is positioned at the 
center of the recently dilated stenosis. 

3. While holding the core handle 36 firmly 
aoainst the body so that it does not move, the outer 
cylinder handle 3: is moved proximally so as to 
decrease to zero the distance D of Fig. 4. 

4. All turns of the IS 10 except the most 
Proximal turn are then expanded outward to engage the 
interior surface of the recently dilated ster.os.s. 

5 The core 22 and the outer cylinder 24 are 
then pulled out of the body together which leaves the 
coil spring IS 10 in its desired place in the artery. 

An angioplasty balloon could then be expanded 
within the IS 10 so as to .ore firmly imbed the spr.r.c 
into the stenotic plaque. The balloon and guicing 
catheters would of course be removed from the body 
after they were used for their intended .urposes. 

The coil spring used in this manner would: 

1. Prevent restenosis of the occlusion. 

2 increase the lumen diameter by constantly 
applying an outward radial force to the plaque, and 



WO 87/04935 



PCT/LS37/00290 



10 

3. Hold in place any intina laver torn from 
the stenosis during balloon dilation which might 
otherwise tend to block blood flow in that artery. 

The materials of the core 22, core handle 36, 
outer cylinder 24 and outer cylinder handle 32 might be 
PVC or some other comparatively strong plastic. The IS 
10 might be fabricated from a stainless spring steel or 
an alloy of titanium such as Ti-6A1-4V. The outside 
diameter of the unrestrained coil spring IS 10 might 
vary from 2 to 12mn depending on the lumen diateter 
into which it is implanted. The wire diameter might he 
between 0.1 and 0.5mm. The outer diameter of the outer 
cylinder 24 would be less than 4mm. The length of th* 
IS 10 would be between 5 and 2Sm,m depending upon the 
length of the dilated stenosis into which it would be 
placed. 

Decreased thrombogenici ty can be achieved by 
coating the outside of the coil with a non- thrombogenic 
material such as ULTI carbon. An enlarged cross 
section of such a sire is shown in Fig. 4. The 
metallic core is shown as 40 and the coating is shown 
as 42. Coating thickness might be as' thin as 0.01mm or 
as thick as o . 1mm. 

Fig. 5 shows another enlarged cross section 
cf the wire of the IS 10 in which the metallic core 40 
is first covered by a plastic layer 44 such as ?TF£ and 
then coated with a non- thrombogenic coating 46 such as 
ULTI carbon . The plastic coating would typically be 
between 0.05 and 0.5mm and the non- thrombogenic coating 
ir.ight have a thickness between 0.01 and 0.5mm. 

Although this intravascular ster.t might find 
its greatest application as a means to enhance balloon 
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angioplasty in humans it could also be used to 
successfully provide permanent dilation and patency of 
other ducts and vessels within a living human or animal 
body. For examole, this coil spring intravascular 
stent 10 could also be used to maintain long term 
patency of ureters or fallopian tubes. In every use, 
the fact that wire diameter would be typically 1/10 the 
coil spring pitch length i.e., only 10% of the lumen 
interior surface is actually in contact with a foreign 
material. Therefore, normal body cells could grow over 
the coils of such springs. Thus, the normal 
characteristics of the interior lining of such ducts or 
vessels would be only minimally compromised. 

Various other modifications, adaptations, and 
alternative designs are, of course, possible in light 
of the above teachings. Therefore, it should be 
understood at this time that within the scope of the 
appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
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What is claimed is: 

1. An insertion catheter for inserting a 
coil spring stent into a vessel or duct of a living 
body, comprising: 

an outer sheathing cylinder having an 
inner lumen; and, 

an inner core means, adapted to 
cooperate with said inner lumen of said 
sheathing cylinder, for maintaining the 
coil stent at a first reduced diameter 
during insertion within the vessel or 
duct of a living body, and for allowing 
the coil 3tent to expand to a second 
greater diameter as the distal end of 
said sheathing cylinder is moved in a 
proximal direction away from the 
distal end of said inner core means. 

2. The apparatus of claim 1, wherein the 
outer surface of said inner core means has formed 
therein a rpiral groove, wherein cooperation' of said 
spiral groove with said inner lumen of said sheathing 
cyii :er forms a spiral cavity adapted to contain the 
coil stent at said first reduced diameter. 

3. The apparatus of claim 2, wherein said 
inner core means further comprises a flange means, 
adapted to frictionally engage the proximal end of the 
coil stent. 
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The apparatus of claim 3, wherein said 
comprises : 

a back groove cut into the surface of 
said inner core means and adapted to 
contain the proximal end of the coil 
stent; and, 

a flange located adjacent to said back 
groove and adapted to prevent radial 
movement of the coil stent which is 
frictionally engaged. 

5. The apparatus of claim 1, wherein said 
inner core means comprises a rounded and tapered distal 
end . 

6. The apparatus of claim 1, further 
comprising a control means for moving the distal end of 
said sheathing cylinder relative to the distal end of 
said inner core means. 

7. The apparatus of claim 6, wherein the 
proximal ends of said sheathing cylinder and said inner 
core means extend external to said living body, and 
wherein said control means comprises a first handle 
operably r^upled to a proximal portion of said 
sheathing cylinder, and a second handle operably 
coupled to a proximal portion of said inner core means, 
wherein movement of said first handle toward said 
second handle causes movement of the distal ends of 
said sheathing cylinder and inner core means so as to 
release said coil stent. 



4 . 

flange means 
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8. An insertion catheter, comprising: 

an outer sheathing cylinder having an 
inner lumen; and, 

an inner core member adapted to fit 
within the inner lumen of said sheathing 
cylinder, the outer surface of said inner 
core member having formed therein a 
spiral groove, wherein cooperation of 
said spiral groove, wherein cooperation 
of said spiral groove with said inner 
lumen of said sheathing cylinder forms a 
spiral cavity adapted to contain a coil 
spring stent. 

9. The apparatus of claim 8, wherein said 
inner core member further comprises a second groove 
formed along the circumference of the outer surface of 
said inner core member at a location proximally to said 
spiral groove, and a longitudinal flange extending 
along the outer surface of said inner core member into 
said second groove, thereby forming a second channel, 
said second channel adapted to fractionally engage the 
proximal end of a coil spring stent. 

10. The apparatus of claim 8, further 
comprising a control means operably coupled to said 
sheathing cylinder and said inner core member, for 
moving the distal end of said sheathing cylinder a 
linear distance relative to the distal end of said 
inner core means. 

11. A stent formed from a coil spring wire, 
said wire comprising: 

an inner metallic core; and 

a layer of non-thrombogenic material 

coating the inner metallic core. 
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12. The apparatus of claim 11, wherein said 
non-thrombogenic material is carbon. 

13. Tne apparatus of claim 11, wherein said 
non-thrombogenic material is isotropic carbcn. 

14. A stent formed from a coil spring wire, 
said wire comprising: 

an inner metallic core; and, 

a first layer of plastic coating the 
inner metallic core; and 



a second layer of non-thrombogenic 
material coating said first laver. 

15. The apparatus of claim 14, wherein said 
plastic is polytetra f luorethylene (?7FE) . 

16. The apparatus of claim 15, wherein said 
non-thrombogenic material is carbon. 

17. The apparatus of claim 15, whereir. sain 
non-thrombocenic material is isotropic carbon. 
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A medical procedure comprising the steps 

positioning a coil spring stent in a 
spiral cavity of an insertion catheter, 
said insertion catheter comprising an 
outer sheathing cylinder and an inner 
core member, said spiral cavity formed 
by the cooperation of the inner lumen of 
said outer sheathing cylinder with a 
spiral groove formed in the inner core 
member; 

advancing said insertion catheter to a 
preselected location in a vessel or duct 
of a living patient; 

moving the distal end of the outer 
sheathing cylinder relative to the 
distal end of said inner core member, 
thereby allowing the coil spring stent 
to be released from the insertion 
catheter and to expand within the vessel 
or duct; and 



removing the insertion catheter, 
allowing the coil spring stent to remain 
securely fixed within the vesse.l or 
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19. The procedure of claim 18 further 
comprising the steps of: 

advancing an angioplasty balloon to a 
position within the lumen of said 
expanded spring coil stent; and 

expanding the angioplasty balloon to 
firmly imbed the spring coil stent into 
any stenotic plaque located along the 
vessel or duct wall; and 

removing the angioplasty balloon. 

20. The procedure of claim 18, wherein said 
advancing step included advancing said insertion 
catheter into a fallopian tube, for maintaining patency 
of the fallopian tube. 

21. The procedure of claiml 8, wherein said 
advancing step included advancing said insertion 
catheter into a ureter, for maintaining patency of the 
ureter. 
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FIG. 1C 
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T late* «<x^*i Ow0i>«ne0 a«a* tn« mi*. notional r.l.ng oats 
Of O'.O'rt, oat* t^e *©t in CDnO<| _in tn« ao04>calion Owl 
(•i«0 le wnovMiono ino p'tnopta ©* theor? un«»n r ino tn« 

iDllMut. 



*X* eoCvm«M 0 < oonKvlor »e*evar»ca: the cU«m*« o« 
Cannot 0+ (OKt-ic no~*4 Of cannot b* zo**<0*<*c to 
on iotoA|i,i «ic B 

"Y* docwn^m p| oon.cylor feievonct: the cllim^ invention 
Cannot oo cen t .o«rod lo in.oKt an inv©nt»«o Bl«o wn«« in, 
document i« <o"«o»n»e w*tn en* ©r m«n ein»r i wC n oocw 
'"•nit. swtn comemotion ot.ng eo.iewl lo a parson ii.n.o 
•« tna a a. 

"1" Oecwmont m»m©«, ©t |* t M mf o«i»nt l<m,| r 



iv. ccirrincATtON 



Oat* el in-a Actual Comoianon of m« Inia, national Saa'cn > 

22 April 1987* 



memeoortjl 3-* a/cn««g Awino"i r i 



SA/US 



Oil* el Mailing of tn,» iniarnetionoJ Sll'CA Arson i 

0 5 MAY 1987 

S'Qnaiwrt ol Airtheiyrd OiT.caf »• 

^ M. Thaler 



f^orm PCT /ISA/210 (k^oo-vj efwet} (May 1 986) 



i»ic*ft«i.o**i Apo«.<*t.o« no. PCT /US 87 / 00 2 90 



FURTHER INFORMATION CONTINUCO FROM TMI SCCONO tHtIT 



"Expandable Intraluminal Graft: A Preliminary 1 
Study" , Julio C, Palmaz et al, Radiology 
1985; 156:73-77, see the entire document. 
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V.Q OltlUVATIOMS WHERE CERTAIN CLAIMS WERE FOUND UN SEARCHABLE « • 

TMt mitr«*i^«»i ftttrch t*tx>n h«i Aot booA •tubMMd ia /»tp*<t ol cortoiA cuimi un 0 *r An.cU i J|?) (») io» Mo loito»»Ag i«itom: 
'-O CU,m " umD * r * • »*«T to ftwb*ci nvitUf aoI rtow.rto to t» MO'Chod e T Aut*oriry. A»m*iy: 



2.: ' CU.m «u«6i»i . btcivtt ia#t rtUli to p*ru of ia# •*!# rAawonol »od>'c*i.o* ih»t do «©i comely -.»h tht e'#»c.D»a r«ow*fo- 

. m«ftif io i«c« on tMOAl mjt no mo#mAo,t w t mlornouonai ttorcn ci» bo c*rr»«a owl tpocificiUy : 



OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING ■» 



Thit lAlo'AoifOAol b^*/cnmp Authority found mutupl« invention* m iaii »nitrn«t..0A«i Application •» io»e-i : 



1 D A » *" '•owifod edd>bon*i t»»rch loot were timely o*«e" b T me ipohctnt. tn.i intern«i,pnoi »e«rcn »#port co*efi oil tea'cMble cU.mi 

Of 1AO lAltf ApliOAOl »PpliC«l»OA. 

2.Q A» o»N win ol tne ftovxed tddilionsl teerch loot we»e t#mel, p*id »a« aophcoAt. tmi .AttrAonoABi •tarcn reooa coven o*» T 
tAoto CUimi ol the tAltrnplioAOl tppiiCOOOn lor wAiCA loot »ere p**d. iPccifiCOlly cUimi; 



3.f] No reowirtd »ddit*on«l toorch loot »ere timely P*id by me appltCeAt. CoA»e«veAil v . tn.« internment! learch rtoon n restricted to 
the invention firit mentioned ia tAo cloimt; it it CO»t'#0 Oy (inm nwmotrt : 



* ' ; A » •••'CA*pl# cl«>mt coulO be te«r<hed ..IhOwl ff «0M 1wtl.ty.n9 «n J0d<l>O*«i lee. t*» Inter a*I-0«J I S#*.CA.«e Agtnor.lv C-J «0l 

•Av«te o*rmcAt ol jny tae-bomi lee. 

Remor* oa Prow 1 1 

j j Tht PCdiltOAOl MP'CA le-ei were tCCOmpen.ed fy lOOklftl l protetL 

J n *o p'otott eccomp»n.eo iao peymeni ol »ddruon*i teercn leei. 
Form PCT/ISA7210 lwop^*nui »**oi (2) (Mot 1 986) 



